From: Chen. Isaac

To: Shaikh, Taimur

Cc: cimoreno@Liskow.com

Subject: FW: Offshore OCS discharge of produced water under NPDES Permit
Date: Wednesday, September 17, 2014 3:28:00 PM

Attachments: removed.txt

CORMIX SESSION REPORT.PDF
Rpt 14060719 14060719 2014 06 27 07 48 30 588 Final v1.pdf

Taim,
Would you please review the description in the email below and the attached CORMIX modelling
report and let us discuss if you have any concerns. Thanks.

From: Carlos J. Moreno [mailto:cjmoreno@ Liskow.com]

Sent: Wednesday, September 17, 2014 2:36 PM

To: Chen, Isaac

Subject: FW: Offshore OCS discharge of produced water under NPDES Permit

Isaac,

I hope you are doing well. | wanted to confirm that you received the email below. Please let me
know if you had a chance to review the information. If so, please let me know if you have any
questions or concerns. Thanks again for your time.

Regards,

Carlos Moreno
(713) 651-2960 Direct

(713) 651-2908 Fax
(281) 414-4746 Cell

[2]
New Orleans | Lafayette | Houston
1001 Fannin Street, Suite 1800

Houston, TX 77002
www.liskow.com

Liskow & Lewis, A Professional Law Corporation.

From: Carlos J. Moreno

Sent: Wednesday, September 03, 2014 10:05 AM

To: ‘chen.isaac@epa.gov'

Subject: Offshore OCS discharge of produced water under NPDES Permit

Mr. Chen,

It was a pleasure talking with you recently. As we discussed, | am assisting Petrobras as
outside counsel and agreed to facilitate discussions with you related to their future discharge


mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=478EF71CAC8E4AE09341D33F34969891-CHEN, ISAAC
mailto:Shaikh.Taimur@epa.gov
mailto:cjmoreno@Liskow.com
http://www.liskow.com/
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CORMIX SESSION REPORT:
PO 000.9.0.0.0.0.0.0.0.00.0.00000000.0.9.9.9.9.9.0.0.0.0.0.0000000000.0.0.9.9.9.0.0.0.0.0000000000.0.0.9.0.0.9.9.:9.0.0.0.0. 0
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIIX Version 8.0GTS
HYDRO1:Version-8.0.0.0 April,2012

SITE NAME/LABEL: Liskow & Lewis
DESIGN CASE: Liskow & Lewis PW Discharge
FILE NAME: C:\Users\sara.moore\Desktop\My Client Files\Liskow & Lewis\Liskow & Lewis

PW Discharge 100pct.prd
Using subsystem CORMIX1: Single Port Discharges
Start of session: 05/20/2014--22:23:20
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SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =1000m

Depth at discharge HD =1000m
Ambient velocity UA =0.1m/s
Darcy-Weisbach friction factor F =0.02

Wind velocity UW =4m/s
Stratification Type STRCND = A

Surface density RHOAS =1017 kg/m”3
Bottom density RHOAB =1199 kg/m~3
DISCHARGE PARAMETERS: Single Port Discharge
Nearest bank = left

Distance to bank DISTB =8000 m

Port diameter

DO =0.5886m

Port cross-sectional area A0 =0.2721 m72

Discharge velocity
Discharge flowrate
Discharge port height

Uuo =1.22m/s
Q0 =0.333119 m~"3/s
HO =1000m

Vertical discharge angle THETA =-89.99 deg
Horizontal discharge angle  SIGMA =0 deg

Discharge density
Density difference
Buoyant acceleration

RHOO =1017.47 kg/m"3
DRHO =-0.4700 kg/mA3
GPO =-0.0045 m/s"2

Discharge concentration CO =100%

Surface heat exchange
Coefficient of decay

coeff. KS =0m/s
KD =0/s






DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.52m Lm =6.39m Lb =1.51m
LM =13.13 m Lm'=4.07 m Lb'=2.26 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO =23.70
Velocity ratio R =12.24

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:
Toxic discharge =no
Water quality standard specified =no
Regulatory mixing zone =yes
Regulatory mixing zone specification = distance
Regulatory mixing zone value =100 m (m”2 if area)
Region of interest =50000 m
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HYDRODYNAMIC CLASSIFICATION:

* *
| FLOW CLASS =151 |
* *

This flow configuration applies to a layer corresponding to the linearly
stratified density layer at the discharge site.
Applicable layer depth = water depth = 1000 m
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MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
8000 m from the left bank/shore.
Number of display steps NSTEP = 100 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢=5.6877 %

Dilution at edge of NFR s=17.6
NFR Location: x=15.09 m
(centerline coordinates) y=0m

z=993.14 m





NFR plume dimensions: half-width (bh) =5.41 m
thickness (bv) =5.41 m
Cumulative travel time: 112.0894 sec.

Buoyancy assessment:
The effluent density is greater than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is NEGATIVELY BUOYANT and will tend to sink towards
the bottom.
IMPORTANT NOTE:
Since the effluent is NEGATIVELY BUOYANT, it is STRONGLY recommended that you consider using the
Brine or Sediment options for Effluent specification for a more detailed analysis.

CORMIX will however continue with the current simulation.

Stratification assessment:
The specified ambient density stratification is dynamically important.
The discharge near field flow is trapped within the linearly stratified
ambient density layer.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 34988.95 m downstream.
No TDZ was specified for this simulation.
The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration c=3.282174 %
Corresponding dilution s=30.5
Plume location: x=100m
(centerline coordinates) y=0m
2=993.14m

Plume dimensions:  half-width (bh) = 46.51 m
thickness (bv) =1.09 m
Cumulative travel time:  961.2005 sec.

Note:

Plume concentration c and dilution s values are reported based on prediction
file values - assuming linear interpolation between predicted points just
before and just after the RMZ boundary has been detected.

Please ensure a small step size is used in the prediction file to account
for this linear interpolation. Step size can be controlled by increasing





(reduces the prediction step size) or decreasing (increases the prediction
step size) the - Output Steps per Module - in CORMIX input.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges
the design configuration as highly complex and uncertain for prediction.
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EXECUTIVE SUMMARY
FACILITY TESTED: WALKER RIDGE 249 BW PIONEER

DATE OF SAMPLE: 06-11-14
TIME OF SAMPLE: 0630

Testing_procedure:
A sample of produced water collected from the float vessel and seawater were delivered to Element

Materials Technology on 06.11.14. A 0.6% stock solution was made using 42 mls produced water to
68958 mis seawater.

Test set-up:
This test was set-up using the Cormix determined Critical Ditution of 3.28%.
Dateftime tests started: Mysidopsis bahia — 06-11-14 @ 1630
Menidia beryliina — 06-11-14 @ 1645
Test concentrations used: Control (0%), 0.82%, 1.64%, 3.28%, 6.56% and 13.12% effluent.

» Critical Dilution. 3.28% _efﬂuent

: " Mysidopsis-bahia . RN
Parameter No. TLP3E Survival (Pass=0, Fail=1) 0
Parameter No. TOP3E NOEC Survival (% effluent) 13.12
Parameter No. TXP3E LOEC Survival (% effluent) >13.12
Parameter No. TPP3E NOEC Growth (% effluent) 3.28
Parameter No. TYP3E LOEC Growth (% effluent) 6.56
Parameter No. TGP3E | Growth (Pass=0, Fail=1) 0
Parameter No. TQP3E | Highest Coef. of Variation (%) 12.3
L L . _Menidia beryllina: . e
Parameter No. TLPEB Survival (Pass=0, Fail=1) 0
Parameter No. TOP6B | NOEC Survival (% effluent) 13.12
Parameter No. TXP6B LOEC Survival (% effluent) >13.12
Parameter No. TPP&B NOEC Growth (% effluent) 13.12
Parameter No. TYP6B LOEC Growth (% effluent) >13.12
Parameter No. TGP6B | Growth (Pass=0, Fail=1) )]
Parameter No. TQP6B | Highest Coef. of Variation (%) 21.9
Parameter No. 22414 Whole Effluent Toxicity 3.28

Unless otherwise noted, all analyses were conducted using EPA approved methodologies and all test
results meet all requirements of NELAC.

Report Number 14060718 Page 2 of 13
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REPORT FORM
for
PRODUCED WATER FROM OIL AND GAS PRODUCTION FACILITIES

PART I. FACILITY INFORMATION
Company: Petrobras

Block Name: Walker Ridge 249 BW PIONEER
Facility: Walker Ridge 249 BW PIONEER
Sample Collected (date/time): 06-11-14 @ 0630
Sampler Name: Dan Spencer

PART Il. PRODUCTION INFORMATION

Number of Wells; 5

ldentification of wells associated with this report: CH 003, 004, 006/CH002, 003
Water production (based on 3 previous months of flow): 1,200 Barrels per day

PART Ill. GENERAL INFORMATION

Description of chemical treatment: None

Describe location of sampling point: Float vessel discharge
Distance from discharge point to seafloor: 2,500 meters
Diameter of overboard discharge pipe: 6 inches

Report Number 14060719 Page 4 of 13
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INTRODUCTION:

1. Toxicity Testing Requirements of Permit;
a. Mysid (Mysidopsis bahia) Survival and Growth Test (Method 1007.0) as
modified by NPDES General Permit No. GMG 290000.

b. Inland Silversides (Menidia berylflina) Larval Survival and Growth Test (Method
1006.0) as modified by NPDES General Permit No. GMG 290000.

2. Facility Tested: Walker Ridge 249 BW PIONEER

3. Contract Laboratory: Element Materials Technology Lafayette, LLC
Bioassay Division
2417 West Pinhook Road
Lafayette, LA 70508
Ph. 337-235-0483

SOURCE OF EFFLUENT AND DILUTION WATER:

1. Effluent Samples:

Sampling point: Float vessel discharge

Collection date and time of produced water: 06-11-14 @ 0630
Collection date and time of seawater: 06-11-14 @ 0630
Sample collection method: Grab

Preservation: Chilled to <6° C

Physical and chemical data: See Appendix A

-0 o0 0w

2. Dilution Water:
a. Source: Synthetic sea water using 40 Fathoms Crystal Seas Marine Mix
b. Pretreatment: Processed through a carbon bed, a 4-bed deionizer system (Water & Power
Technologies)
Preservation: N/A
Physical and chemical characteristics: See Appendix A

Report Number 14060719 Page 50f 13
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TEST METHODS:

A. Mysidopsis bahia

1.

© @ NGO wN

Toxicity test method used: EPA-821-R-02-014 as modified by the NPDES General
Permit No. GMG 290000. 7 day chronic renewal test.

End points of test: Survival and growth

Deviations from reference method, if any, and the reason(s): None

Date and time test started: 06-11-14 @ 1630

Date and time test terminated: 06-18-14 @ 1128

Type of test chambers: 400 ml plastic disposable cups

Volume of solution used per test chamber: 150 ml

Number of organisms per test chamber; 5

Number of replicate test chambers per treatment: 8

10. Test temperature = 26 + 1°9C

B. Inland Silverside

1.

© O NS0 AN

Toxicity test method used: EPA-821-R-02-014 as modified by the NPDES Permit
No. GMG 220000. 7 Day chronic renewal test

End points of test: Survival and growth.

Deviations from reference method, if any, and the reason(s): None

Date and time test started: 06-11-14 @ 1645

Date and time test terminated: 06-18-14 @ 1100

Type of test chambers: 600 ml plastic disposable cups

Volume of solution used per test chamber: 500 ml

Number of organisms per test chamber: 8

Number of replicate test chambers per treatment: 5

10. Test temperature = 25+ 19 C

Report Number 14060719 Page 6 of 13
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TEST ORGANISMS:

A. Mysidopsis bahia
1. Scientific name: Mysidopsis bahia
Age: 7 days
Life Stage: Juvenile
Source: In-house cultures

ok BN

Diseases and treatment: None

B. Inland Silversides
1. Scientific name: Menidia beryllina
Age: 11 days
Life Stage: larvae
Source: C-K

O » N

Disease and freatment; None

QUALITY ASSURANCE:

A. Mysidopsis bahia
1. Reference toxicant: Sigma Aldrich, SDS (Lot. No B0133220)
2. Date of most recent test: 05/15/14
3. Dilution water used in test: Synthetic sea water
4. Results of test: NOEC Survival: 8 ppm
NOEC Growth: 8 ppm
5. Physical and chemical test methods used: As required by test method.

B. Inland Silversides
1. Reference toxicant: Sigma Aldrich, SDS (Lot No B0133220)
2. Date of most recent test: 05/15/14
3. Dilution water used in test: Synthetic sea water
4. Results of test: NOEC Growth: 6 ppm
NOEC Survival: 6 ppm
5. Physical and chemical test methods used: As required by test method.

Report Number 14060719 Page 7 of 13





element”

APPENDIX A-Effluent and Dilution Water Physical and Chemical Data

Effluent Data: (measured from stock solution)

Salinity: 37.8

pH: 7.76

Temperature: 0.4° C (Temperature upon receipt)

Dilution Water Physical and Chemical Data:

Dilution water was synthefic sea water made with 40 Fathoms Crystal Seas Marine Mix
Salinity = 25 ppt

pH=7.8

Dissolved Oxygen = 6.2

Report Number 14060719 Page 8 of 13
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APPENDIX B-Raw Biological Data from Mysids and inland Silverside Chronic Tests

Report Number 14060719 Page 9 of 13
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SLB-001 R
CHRONIC DATA SHEET - METHOD 1007.0

Client Name: OA'J’ Job Number: /L/(-XDO?/ é/— Test Species: M. bahia
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For control ONLY - Salinity must be 25 £ 2 ppt

SLB-001 R1 Chronic Data Sheet - Method 1007
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Beginning DO acceptability: 24.0 mg/L

SLB-002 RO01 Chronic Data Sheet - Method 1006

Temperature Acceptability: 25+1°C.
*If any replicate’s D.O. falls below 4.0 mgiL, all concentrations will be aerated.”
For Control ONLY - Salinity must be 25 £ 2 ppt
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APPENDIX C-Statistical Package and Data Summary
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CETIS Analytical Report Report Date: 25 Jun-14 15:28 {p 1 of 4)
Test Code: 14080719 | 08-6792-2932
Mysidopsls 7-d Survival, Growth and Fecundity Test Element

Analysis ID:  20-2221-7923 Endpoint: 7d Survival Rate CETIS Version: CETISV1.8.7

Analyzed: 25 Jun-14 15:28 Analysis: Nonparametric-Control vs Treatments Official Results: Yes

Sample I1D: 15-9917-8628 Code: PW/CHR Client: Petrobras

Sample Date: 11 Jun-14 Materfal:  Produced Water Project:  WET Annual Compliance Test
Receive Date: 11 Jun-14 Source: GMG290000

Sample Age: 13d 8h Station:

Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TOEL T
Angular (Corrected) NA C>T NA NA, 12.8% 1312 »13.12 NA 7.622

Steel Many-One Rank Sum Test

Control vs C% Test Stat Critical Ties DF P-Value P-Type Decision{a:5%)

Lab Water 0.82 76 46 2 14 0.9750 Asymp Non-Significant Effect
1.64 76 46 2 14 0.976Q Asymp Non-Significant Effect
3.28 76 46 2 14 0.8760 Asymp Non-Significant Effect
6.56 80 46 1 14 09936  Asymp  Non-Significant Effect
13.12 62.5 46 2 14 0.6104 Asymp Non-Significant Effect

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{o:5%)

Between 0.1576048 0.03152095 5 21171 0.0821 Non-Significant Effect

Esror 0.6253371 0.01488898 42

Total 0.7829419 ' 47

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision{a:1%)
Variances Maod Levene Equality of Variance 3.2186 3.4882 0.0150 Equal Variances
Variances Levene Equality of Variance 5.3671 3.4882 0.0007 Unequal Variances
Cistribution Shapiro-Wilk W Normality 0.79101  0.83447 <0.0001 Non-normal Distribution

7d Survival Rate Summary

C-% Control Type  Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% %Effect
0 Lab Water 8 0.925 0.83846 1 1 0.8 1 0.036596 11.19% 0.0%
0.82 8 0.975 D.91588 A1 1 0.8 1 0.025 7.25% -5.41%
1.64 8 0.975 0.91588 1 1 0.8 1 0.025 7.25% -5.41%
3.28 8 0.875 0.91588 1 1 0.8 i 0.025 7.25% -5.41%
6.56 8 1 1 1 1 1 1 0 0.0% -8.11%
13.12 8 0.85 0.67693 1 09 0.4 1 0.073193 24.36% 8.11%
Angular (Corrected) Transformed Summary

C.% Control Type  Count Mean 95% L.CL 95% UCL Median Min Max StdErr CV% %Effect

0 Lab Water 8 1.256 1.1529 1.359 1.3453 1.1071 1.3453 0.043574 S.81% 0.0%
0.82 8 1.3155 1.2451 1.3859 1.3453 1.1071 1.3453 0.029767 6.4% 4.74%
1.64 8 1.3155 1.2451 1.3859 1.3453 1.1071 1.3453 0.0297567 6.4% -4.74%
3.28 8 1.3155 1.2451 1.3859 1.3453 1.1071 1.3453 0.029767 6.4% “4.74%
6.56 B 1.3453 1.3451 1.3454 1.3453 1.3453 1.3453 0 0.0% T11%
13.12 8 1.1734 0.98117 1.3657 1.2262 0.68472 1.3453 0.0813D01 19.6% 6.57%
7d Survival Rate Detail
C-% Control Type Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8
0 Lab Water 1 1 0.8 1 1 0.8 0.8 1
0.82 1 1 1 0.5 1 1 1 1
1.64 1 1 1 1 0.8 1 1 1
3.28 1 1 1 1 1 1 1 0.8
6.56 1 1 i 1 1 1 1 1
13.12 1 0.8 0.8 1 0.8 1 0.4 1
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CETIS Analytical Report Report Date: 25 Jun-14 15:28 (p 2 of 4)
Test Code: 14060719 | 0B-6792-2982
Mysidopsis 7-d Survival, Growth and Fecundity Test Element
Analysis ID:  20-2221-7923 Endpoint: 7d Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:28 Analysis: Nonparametric-Control vs Treatments Official Results: Yes

Angular (Corrected) Transformed Detail

C-% Control Type Rep1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep7 Rep 8
0 Lab Water 1.3453 1.3453 1.1071 1.3453 1.3453 1.1071 1.1071 1.3453
0.82 1.3453 1.3453 1.3453 1.1071 1.3453 1.3453 1.3453 1.3453
1.64 1.3453 1.3453 1.3453 1.3453 1.1071 1.3453 1.3453 1.3453
3.28 1.3453 1.3453 1.3453 1.3453 1.3453 1.3453 1.3453 1.1071
6.56 1.3453 1.3453 1.3453 1.3453 1.3453 1.3453 1.3453 1.3453
13.12 1.3453 1.1071 1.1071 1.3453 1.1071 1.3453 0.68472  1.3453
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CETIS Analytical Report Report Date: 25 Jun-14 15:28 (p 3 of 4)
Test Code: 14060719 | 0B-6792-2982
Mysidopsis 7-d Survival, Growth and Fecundity Test Element
Analysis ID:  00-9073-9978 Endpeint: Mean Dry Biomass-mg CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:28 Analysis: Parametric-Controf vs Treatments Official Results: Yes
Sample 1D: 15-9517-8828 Code: PW7CHR Client: Petrobras
Sample Date: 11 Jun-14 Material:  Produced Water Project:  WET Annual Cornpliance Test
Receive Date: 11 Jun-14 Source; GMG230000
Sample Age: 13d 8h Station:
Data Transfarm Zeta Alt Hyp Trials Seed PMSD NOQEL LOEL TOEL TU
Untransformed NA C=>T NA NA 13.6% 3.28 6.56 4.5639 30.49
Dunnett Multiple Comparison Test
Control vs C-% Test Stat Critical MSD DF P-Value P-Type Decision{a:5%)
Lab Water 0.82 -0.39806 2.3055 0.036 14 0.9251 CDF Non-Significant Effect
1.64 -1.5922  2.3055 0.036 14 0.9978 CDF Non-Significant Effect
3.28 0.33437 2.3055 0.036 14 0.7159 CDF Nen-Significant Effect
6.56~ 2.4202 2.3055 0.036 14 00389 CDF Significant Effect
13.12* 8.1204 2.3055 0.036 14 <0.0001 CDF Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)
Between 0.121188 0.0242376 5 24.579 <0.0001 Significant Effect
Error 0.041417 0.000986119 42
Total 0.162605 47
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision(a:1%)
Variances Bartlett Equality of Variance 3.041 16.086 0.6937 Equal Variances
Distribution Shapiro-Wilk W Normality 0.88051  0.93447  0.6000 Normal Distribution
Mean Dry Biomass-mg Summary
C-% Control Type  Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% % Effact
0 Lab Water 8 0.267 0.23908 029492 (0.262 0.218 0.32 0.011808 1251% Q0%
0.82 8 0.27325 0.2513 0.2952 0.275 0.24 0.308 0.009281 9.61% -2.34%
1.64 8 0.292 0.25759 0.32641 0.2899 0.23 0.352 0.01455 14.09% -9.36%
3.28 8 0.26175 0.2348 0.2887 0.269 0.21 0.3 0011388 12.32% 1.97%
6.56 8 0.229 0.21077 024723 0.23 0.184 0.264 0.007709 9.52% 14.23%
13.12 8 0.1385 0.11437 016463 0.148 0.082 0.178 0.010628 21.55% 47.75%
Mean Dry Biomass-mg Detail
C-% Control Type Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8
0 Lab Water 0.3 0.288 0.246 0.32 0.242 0.258 0.218 0.266
.82 0.28 0.302 0.254 0.242 0.308 0.29 0.24 0.27
1.64 0.23 0.306 0.272 0.298 0.246 0.352 0.3 0.332
3.28 0.27 0.3 0.298 0.268 0.21 0.238 0.278 0.232
6.56 0.212 0.264 0.194 0.232 0.228 0.248 0.216 0.24
1312 0.154 0.158 0.178 0.156 0.132 0.114 0.082 0.142
004-540-187-2 CETIS™ v1.8.7.12 Analyst: @[ QA:






CETIS Analytical Report Report Date: 25 Jun-14 15:28 {p 4 of 4}
Test Code: 14060719 | 08-6792-2982
Mysidopsis 7-d Survival, Growth and Fecundity Test Element
Analysis 1D:  00-9073-9978 Endpeoint: Mean Dry Biomass-mg CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:28 Analysis: Parametric-Contro! vs Treatments Official Results: Yes
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CETIS Analytical Report Report Date: 25 Jun-14 15:28 (p 1 of 1)

Test Code: 14060719 | 08-6792-2982

Mysidopsis 7-d Survival, Growth and Fecundity Test Element
Analysis ID:  15-6852-0034 Endpoint: Mean Cry Weight-mg CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:28 Analysis: Parametric-Confrol vs Treatments Official Results: Yes
Sample ID: 15-9917-8828 Code: PW7CHR Client: Petrobras
Sample Date: 11 Jun-14 Material:  Produced Walter Project: WET Annual Compliance Test
Receive Date: 11 Jun-14 Source: GMG290000
Sample Age: 13d 8h Station:
Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TQEL TU
Untransformed NA C>T NA, NA 122% 3.28 6.56 4.638 30.48
Dunnett Multlple Comparison Test
Control vs C-% Test Stat Critical MSD DF P-Value P-Type Decision{a:5%)
Lab Water 0.82 1.0683 2.3055 0.035 14 0.3870 CDF Non-Significant Effect

1.64 -0.15963 2.3055 0.035 14 0.8764 CDF Non-Significant Effect

3.28 1.8214 2.3055 0.035 14 0.1291 CDF Non-Significant Effect

6.56* 3.9652 2.3055 0.035 14 0.0008 CDF Significant Effect

13.12* 9.8274 2.3055 0.035 14 <0.0001 CDF Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%}
Between 0.132975 0.02659501 5 28.515 <0.0001  Significant Effect
Error 0.03917221 £.0008326718 .42
Tota! 0.1721473 47
Distributional Tests
Attribute Test Test Stat Critical  P-Value Decision(a:1%)
Variances Bartlett Equality of Variance 3.0717 15.086 0.6889 Equal Variances
Distribution Shapiro-Wilk W Normality 097346 0.93447 0.3433 Normal Distribution
Mean Dry Welght-mg Summary
C% Control Type  Count  Mean  95%ICL 95%UCL Median Min Max StdErr /CV% \ %Effect
0 Lab Water 8 0.2895¢ 0.2659% 031313 0.293 0.242 0.3225 G.Gosgsw 0.0%
0.82 8 0.27326 0.2513 0.2952 0.275 0.24 0.308 0.009281 5.63%
1.64 8 0.292 0.25759  0.32641  0.299 0.23 0.352 0.01455 14.08% -0.84%
3.28 8 0.26175 (.2348 0.2887 0.269 0.21 0.3 0.011398 12.32% 961%
6.56 8 0.229 021077 024723 0.23 0.194 0.264 0.007709 9.52% 20.92%
13.12 8 0.1395 0.11437  0.16463 0.148 0.082 0.178 0010628 21.55% 51.82%
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CETIS Analytical Report Report Date: 25 Jun-14 15:28 (p 1 of 4)
Test Code: 14060719MB | 14-9190-841¢9

Inland Silverside 7-d Larval Survival and Growth Test Element
Analysis ID:  11-7353-7578 Endpoint: 7d Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:29 Analysis: Nonparametric-Control vs Treatments Official Results: Yes
Sample ID:  15-5917-8828 Code: PW7CHR Client: Petrobras
Sample Date: 11 Jun-14 Material: Produced Water Project:  WET Annua! Compliance Test
Receive Date: 11 Jun-14 Source: GMG290000
Sample Age: 13d 8h Statlon:
Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TCEL TU
Angular (Carrected) NA C>T NA NA 9.96% 13.12 >13.12 NA 7.622
Steel Many-One Rank Sum Test
Control vs C-% Test Stat Critlcal Ties DF P-Value P-Type Decision(a:5%)
Lab Water 0.82 245 16 2 8 0.5880 Asymp Non-Significant Effect

1.64 275 16 2 8 0.8333 Asymp Non.Significant Effect

3.28 275 16 2 8 0.8333 Asymp Non-Significant Effect

6.56 22.5 16 2 8 0.3937 Asymp Non-Significant Effect

13.12 30 16 1 8 09448 Asymp Non-Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Declsion{a:5%}
Between 0.04831019 0.009662039 5 1.0602 0.4065 Non-Significant Effect
Error ) 0.2187118 0.009112982 24
Total 0.267022 29
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{a:1%)
Variances Bartlett Equality of Variance 116.94 15.086 <0.0001  Unequal Variances
Distribution Shapiro-Wilk W Nomality 0.87023 090308 0.0017 Non-normal Distribution
7d Survival Rate Summary
C-% Control Type  Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% %Effect
0 Lab Water 5 0.975 0.80559 1 1 0.875 1 0.025 5.73% 0.0%
0.82 5 0.925 0.78618 1 1 0.75 1 0.05 12.09% 5.13%
1.64 5 0.975 0.90558 1 1 0.875 1 0.025 5.73% 0.0%
3.28 5 0.975 0.9055¢ 1 1 0.875 1 0.025 5.73% 0.0%
6.56 5 0.925 0.8399% 1 0.875 0.875 1 0.030819 7.4% 513%
i3.12 5 i 1 1 1 1 1 o] 0.0% -2.56%
Angular (Corrected) Transformed Summary
C-% Control Type  Count Mean 95% LCL 95% UCL Medlan  Min Max StdErr  CV% YEffect
0 Lab Water 5 1.3564 1.2544 1.4583 1.3931 1.2094 1.3931 0.036731 6.06% 0.0%
0.82 5 1.2872 1.0935 1.4808 1.3931 1.0472 1.3931 0.069744 12.12% 5.1%
1.64 5 1.3564 1.2544 1.4583 1.3931 1.2094 1.3931 0.036731 6.06% 0.0%
3.28 5 1.3564 1.2544 1.4583 1.3931 1.2094 1.3931 0.036731 6.06% 0.0%
6.56 5 1.2829 1.158 1.4078 1.2094 1.2094 1.393 0.044986 7.84% 542%
13.12 5 1.3931 1.3928 1.3934 1.3931 1.3931 1.3931 0 0.0% -2.71%
7d Survival Rate Detail
C-% Control Type Rep 1 Rep 2 Rep 3 Rep 4 Rep §
0 .ab Water 1 0.875 1 i 1
0.82 9 1 1 0.75 0.875
1.64 1 0.875 1 1 1
3.28 1 0.875 1 1 1
6.56 0.875 0.875 1 0.875 1
13.12 1 1 1 1 1
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CETIS Analytical Report

Report Date:
Test Code:

25 Jun-14 15:28 (p 2 of 4)
14060719MB } 14-9190-8419

Inland Silverside 7-d Larval Survival and Growth Test

Element

Analysis ID:

Analyzed:

11-7353-7578
25 Jun-14 15:29

Endpoint:
Analysls:

7d Survival Rate
Nonparametric-Control vs Treatments

CETIS Version: CETISv1.8.7
Official Results: Yes

Angular {Corrected) Transformed Detail

C-% GControl Type Rep1 Rep 2 Rep 3 Rep 4 Rep §
] Lab Water 1.3931 1.2094 1.3931 1.3831 1.3931
0.82 1.3931 1.3931 1.3831 1.0472 1.2094
1.64 1.3931 1.2094 1.3831 1.3931 1.3931
3.28 1.3831 1.2094 1.3831 1.3931 1.3831
6.56 1.2094 1.2084 1.3831 1.2084 1.3831
13.12 1.3831 1.3931 1.3831 1.3931 1.3931
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CETIS Analytical Report Report Date: 25 Jun-14 1529 (p 3 of 4)
Test Code: 14060719ME | 14-9190-8419
Intand Silverside 7-d Larval Survival and Growth Test Elemeont

Analysis ID:  15-3679-7157 Endpelnt: Mean Dry Biomass-mg CETIS Version: CETISv1.8.7

Analyzed: 25 Jun-14 15:29 Analysis: Parametric-Contro! vs Treatments Official Results: Yes

Sample ID: 15-9917-8828 Code: PW7CHR Client: Petrobras

Sample Date: 11 Jun-14 Material:  Produced Water Project:  WET Annual Compliance Test
Receive Date: 11 Jun-14 Source: GMG220000

Sample Age: 13d 8h Station:

Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TOEL TU
Untransformed NA C>T NA NA 27 8% 13.12 =13.12 NA, 7.822

Dunnett Multiple Comparison Test

Control vs C-% Test Stat  Critical MSD DF P-Value P-Type Declsion(a:5%)

Lab Water 0.82 0.016115 23617 0.183 8 0.8285 CDBF Non-Significant Effect
1.64 -0.4351 2.3617 0.183 8 0.9305 CDF Non-Significant Effect
3.28 -0.77995 2.3617 0.183 8 096899 CDBF Non-Significant Effect
6.56 013214 23817 0.183 8 0.7813 CDOF Non-Significant Effect
13.12 -1.1957  2.3817 0.183 8 0.9805 CDF Non-Significant Effect

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)

Between 0.04187559 0.008375118 5 0.55677 0.7318 Non-Significant Effect

Error 0.3810149 0.01504229 24

Total 0.4028905 T

Distributional Tests

Attribute Tast Test Stat  Critical P-Value Decision{o:1%)
Variances Bartlett Equality of Variance 1.7784 15.088 0.8789 Equat Variances
Distribution Shapiro-Wilk W Normality 093992 0.90308 0.0805 Normal Distribution

Mean Dry Blomass-mg Summary
C-% Control Type  Count Mean 95% LCL 95% UCL Median

Min

Max Std Err CV% %Effect

Q Lab Water 5 0.6595 0.48473 0.85427 (0.7125
0.82 5 0.65825 0.48204 0.83446 0.70375
1.64 5 069326 0.57746 0.80%04 0.73
3.28 5 0.72 0.56404 0.87596 0.74375
6.56 5 0.64925 0.53773 0.76077 0.6525
13.12 5 0.75225 061085 0.89365 0.71875

0.44125 0.83375 0070151 23.79% 0.0%
048125 0.81 0.083466 21.56% 0.19%
0.54625 0.7875 0.041703 13.45% -5.12%
0.505 0.8225 0.056174 17.45% -9.17%
0.6125 0.73 0.040167 13.83% 1.55%
0.6375 0.9 0050928 15.14% -14.06%

Mean Dry Biomass-mg Detail

C-% Control Type  Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

0 Lab Water 0.83375 0.56125 044125 07125 0.74875
D.82 0.7575 053875 070375 048125 0.81

164 0.73 0.54625 0.66375 0.73875 0.7875

3.28 0.795 0.74375 0.505 0.73375 0.8225

6.56 072875 0.6225 0.6525 0.5125 0.73

13.12 084125 049 0.6375 0.71875 0.68375
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CETIS Analytical Report Report Date: 25 Jun-14 15:29 {p 4 of 4)

Test Code: 140607 19MEB | 14-9190-8419
Inland Silverside 7-d Larval Survival and Growth Test Element
Analysis ID:  15-3679-7157 Endpoint: Mean Dry Biomass-mg CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:29 Analysis: Parametric-Control vs Treatments Official Results; Yes
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CETIS Analytical Report Repaort Date: 25Jun-14 1528 (p 1 of 1)

Test Code: 14060719MB | 14-9190-8419

Inland Sliverside 7-d Larval Survival and Growth Test Element
Analysls 10:  08-1140-618% Endpeoint: Mean Dry Weight-mg CETIS Version: CETISv1.8.7
Analyzed: 25 Jun-14 15:29 Analysis:  Parametric-Control vs Treatments Official Results: Yes
Sample ID: 15-9917-8828 Cade: PW7CHR Client: Petrobras
Sample Date: 11 Jun-14 Material:  Produced Water Project:  WET Annual Compliance Test
Receive Date: 11 Jun-14 Source:  GMG290000
Sample Age: 13d 8h Station:
Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TOEL TU
Untransformed NA C=T NA NA 26.7% 13.12 >13.12 NA 7.622
Dunnett Multiple Comparison Test
Control vs C-% Test Stat Critical MSD DF P-Value P-Type Decision{a:5%]}
Lab Water 0.82 0.22618  2.3817 0.180 8 {.7580 CDF Non-Significant Effect

1.64 02318 2.3617 0.180 8 0.8927 CDF Non-Significant Effect

3.28 -0.58184 2.3617 0180 8 09508 CDF Non-Significant Effect

6.56 0.34396  2.3617 0.180 &8 0.7125 CDF Non-Significant Effect

13.12 -1.0038 2.3617 0180 8 0.9835 CDF Non-Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Declslon{a:5%)
Between 0.03825659 0.007651318 5 0.52408 0.7557 Non-Significant Effect
Error 0.3504027 0.01460011 24
Total 0.3886593 29
Distributional Tests
Aftribute Test Test Stat  Critical P-Value Decision{a:1%)
Variances Bartlett Equality of Variance 1.5417 15.086 0.9082 Equal Variances
Distribution Shapiro-Wilk W Normality 0.93809 0.80308 0.0808 Normal Distribution
Mean Dry Weight-mg Summary
C-% Control Type  Count Mean 95% LCL 95% UCL Median Min Max StdErr fCV% %Effect
0 Lab Water 5 0.67554 0.49156 0.85951 0.7125 0.44125 0.83375 0.086261\ 21.9 0.0%
0.82 5 0.65825 0.48204 0.83446 070375 048125 0.81 0.063466 21.568% 2.56%
1.64 5 0.69325 (.57746 0.80904 0.73 0.54625 0.7875 0.041703 13.45% -2.62%
3.28 & 0.72 0.56404 0.87596 0.74375 0.505 0.8225 0.056174 17.45% -6.58%
6.56 5 0.64925 0.53773 0.76077 0.8525 0.5125 0.73 0.040167 13.83% 3.89%
13.12 5 0.75225 067085 0.89365 0.71875 086375 0.9 0.050028 15.14% -11.36%
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APPENDIX D-Field report and Chain of Custody Forms

Report Number 14060719 Page 11 of 13





element’

PRODUCED WATER SAMPLING FORM

LOCATION INFORMATION

JoB NUMBER;} A (W{aM\ PLATFORM TELEPHONE #: 713 - Sb&-~25701
OPERATINGI COMPANY: P A\ PERMIT: OCS/TERRITORIAL
FIELD NAME; wiR- 24 PLATFORM NAME: _ BV Plence
TREATMENT PROCESS:

Thoee - phase $(pun.h‘_ hw\rbcvclont_ e -sas8es” , Lloat vesse\

(Example: Two-Phase separator then sk:mmer, then clarifi ier, thrgn discharge overboard)

DISCHARGE: PIPE DIAMETER finches) & RATE(BBLS/DAY) _ /220
DISTANCE FROM DISCHARGE POINT TO SEA FLOOR (Meters): ZSHO

NUMBER OF GAS & QIL WELLS ASSOCIATED WITH DISCHARGE: | s

IDENTIFICATION OF WELLS ASSOCIATED WITH THIS REPORT: (% 093,804,086 / cH ov2 003
[

DESCRIBE CHEMICAL TREATMENT (IF KNOWN) CURRENTLY BEING USED:

/FM{,
SAMPLE INFORMATION
SAMPLE DATE/TIME; =114 / 0b20
DESCRIBE LOCATION OF SAMPLING POINT: ___ Eleat vessc| ()uscLant,
CONTAINER TYPE/SIZE; [a\'vf{“ A T

SAMPLER SIGNATURE/COMPANY: %/ W / R0

SAMPLER NAME (please print): ‘ﬁ on 9w~ocr“
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APPENDIX E-Quality Assurance

1. EFFLUENT SAMPLING AND HANDLING: A grab sample which was less than 36 hours old at the
start of the test was used as start and renewal fluids during the 7 day chronic test. Immediately after
collection, the sample was cooled and brought to the laboratory. In between use, the sample was

maintained in a refrigerator, in the dark, at <6° C.

2. DILUTION WATER: The dilution water for the chronic tests was synthetic sea water made with 40
Fathoms Crystal Seas Marine Mix.

3. TEST ORGANISMS: The Menidia beryllina for this test were purchased from an outside source.
The Mysidopsis bahia for this test were from an in house culture. Routine reference toxicant tests
are run to determine sensitivity of offspring. Organisms in these tests are fed 24 hour old artemia.
Both organisms used in these tests were positively identified to species when purchased to start
cultures and as introduced to provide fresh breeding stock.

4. FACILITIES, EQUIPMENT, AND TEST CHAMBERS: Facilities are designed specially for bioassay
testing and culture of test animals. The environmental chambers are temperature controlled at 25-

260 C. All equipment which comes in contact with the test fluid is as specified by EPA-821-R-02-
014. The water system in the laboratory provides high quality deionized water which is used to
make the synthetic sea water. Test vessels and any other laboratory equipment which come in
contact with the effluent were prepared prior to use as follows:

Soak 15 minutes, and scrub with detergent in tap water.

Rinse twice with tap water.

Rinse with Acetone.

Rinse with tap water.

Rinse with deionized water.

™o oA T

Soak in fresh dilute (10% V:V) hydrochloric acid to remove scale, metals and bases for a
minimum of 4 hours.
Rinse five times with tap water.

h. Rinse five times with deionized water.

5. CHEMICAL AND PHYSICAL ANALYSIS: Routine chemical and physical analyses are conducted on
culture, holding, acclimation and dilution waters as well as on effluents to be tested. All such tests
required by EPA protocol are conducted as a minimum. Instruments used for these analyses are
routinely calibrated to manufacturer's specifications as well as checked against EPA suggested
standards.

6. TEST CONDITIONS: The physical and chemical parameters of the test were monitored at the start
of the test and daily during the test to insure that none of these would affect the test end points.
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7. TEST ACCEPTABILITY: The permittee shall repeat a test, including the control and all effluent
dilutions, if the procedures and quality assurance requirements defined in the test methods orin
this permit are not satisfied, including the following additional criteria:

a.

b.

The toxicity test control (0% effluent) must have survival equal to or greater than 80%.

The mean dry weight of surviving mysid shrimp at the end of the 7 days in the contro!

(0% effluent) must be 0.20 mg per mysid or greater. Should the mean dry weight in the control
be less than 0.20 mg per mysid, the toxicity test, including the control and all effluent dilutions
shall be repeated.

The mean dry weight of surviving unpreserved Inland Silverside minnow larvae at the end of
the 7 days in the control (0% effluent) must be 0.50 mg per larvae or greater. The mean dry
weight of surviving preserved Inland Silverside minnow larvae at the end of the 7 days in the
control (0% effluent) must be 0.43 mg per larvae or greater.

The percent coefficient of variation (%CV) between replicates shall be 40% or less in the
control (0% effluent) for. the growth and survival endpoints of the mysid shrimp test and the
Inland Silverside minnow test. The %CV for survival shall be calculated on the arc-sine-
square-root transformed data. The %CV for growth shall be calculated on the growth per
surviving organism.

The percent coefficient of variation between replicates shall be 40% or less in the critical
dilution, unless significant lethal or nonlethal effects are exhibited for the growth and survival
endpoeints of the mysid shrimp test and Inland Silverside minnow test.

A percent Minimum Significant Difference (PMSD) range of 11-37 for Mysidopsis bahia growth
shall be applied as described in Short-term Methads for Estimation the Chronic Toxicity of
Effluents and Receiving Waters to Marine and Estuarine Organisms, Third Edition, October
2002, EPA-821-R-02-014, Section 10.2.8

A PMSD range of 11-28 for Silverside minnow growth shall be applied as described in
Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to
Marine and Estuarine Organisms, Third Edition, October 2002, EPA-821-R-02-014 or the most
recent update thereof.

Test failure may not be construed or reported as invalid due to coefficient of variation value of
greater than 40%. A repeat test shall be conducted within the required reporting period of any
test determined to be invalid.
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of produced water from the FPSO located offshore on the OCS. Petrobras realizes and
understands that EPA does not provide any kind of pre-authorization for GMG290000 permit
compliance purposes and they do not seek such approval. Petrobras understands it is their
responsibility to stay in compliance with this permit. Similarly, Petrobras understands that the
permit allows them to proceed with their planned discharge without EPA approval as long as it
is in compliance with all applicable permit requirements. Nonetheless, because Petrobras is
using the only FPSO in the Gulf of Mexico, it would like to describe its decision-making efforts
to remain in compliance with the permit once it starts discharging produced waters. ltis
providing this information to you in an effort to provide you with an opportunity to ask any
questions, provide any comments and to allow Petrobras to address EPA concerns, if there are
any, before the FPSO actually begins discharging the produced water into the Gulf in the near
future.

General Description:

Petrobras currently collects and transports the FPSO’s produced water to shore for disposal.
Before discharging the FPSO’s produced water into the Gulf, Petrobras will mix seawater from
its cooling water system with its produced waters at a point about 22 feet from where it is
discharged into the Gulf. The daily quantity of produced water will be mixed with about
180,000 barrels per day (“bpd”) of seawater from the FPSO’s cooling process. To ensure that
a representative sample is collected for toxicity monitoring and testing, the combined flow of
seawater and produced water will be sampled in the discharge casing about 16 feet below the
mixing point. (see attached picture of the FPSO’s discharge point for seawater). If you want
to review the sampling protocol to be followed, let me know and | will be glad to forward it to
you.

The combined estimated discharge rate will exceed the 75,000 bpd maximum discharge rate
contained in permit table 1-F of Appendix D. For this reason, Petrobras conducted CORMIX
modeling to determine the proper critical dilution value. (See CORMIX model attachment).
Then, Petrobras created and tested a mock sample of the combined discharge to verify that
the actual discharge is expected to pass toxicity requirements at the applicable critical dilution
value prescribed by CORMIX once the FPSO begins discharging the produced water into the
Gulf. (See mock sample lab report attachment). Based upon the CORMIX modeling and
subsequent testing, Petrobras believes its discharge of produced waters into the Gulf will
comply with all permit requirements.

Please review these attachments to see if there is anything we may have missed based on
your experience. We would be happy to discuss over the phone with you in the next few days.
If you do not see a need to have a follow-up call, please let me know by email along with any
concerns or comments you may have about Petrobras’ planned discharge of produced waters
into the Gulf.



Regards,

Carlos Moreno

(713) 651-2960 Direct
(713) 651-2908 Fax
(281) 414-4746 Cell

New Orleans | Lafayette | Houston

1001 Fannin Street, Suite 1800
Houston, TX 77002
www.liskow.com

Liskow & Lewis, A Professional Law Corporation. This communication is solely for the person to whom it is addressed. It contains legally privileged and
confidential information. If you are not the intended recipient, you may not forward, disclose, copy, print, or save the message or its attachments. If you have
received this message in error, please notify me immediately, and please delete this message.
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